Summary. Adult rats were made bilaterally cryptorchid and studied at intervals of 3, 7, 14 
Introduction
Surgically induced cryptorchidism results in a progressive degeneration of the germ cells of the testis (Clegg, 1963) . Bilateral cryptorchidism also results in some degree of Leydig cell failure (Kerr, Rich & de Kretser, 1979b) ; 1 month after the induction of cryptorchidism, serum LH levels were elevated, serum testosterone levels were significantly lower or unchanged, and a diminished testosterone response to hCG stimulation was observed in vivo compared to control animals. However, the Leydig cells were hypertrophied and their cytological features were suggestive of increased steroid secretion consistent with the enhanced secretory activity observed in response to maximal hCG stimulation in vitro (de Kretser, Sharpe & Swanston, 1979) . A marked reduction in the ability of the cryptorchid testis to bind labelled hCG in vitro was associated with the changes in Leydig cell function (de Kretser et ai, 1979) . It was consequently postulated that the increased LH secretion may have secondarily affected Leydig cell function, causing hypertrophy and down-regulating the number of LH/hCG receptors which, in turn, may have altered the sensitivity of the testis to hCG stimulation in vivo.
In this study we have examined Leydig cell function after the induction of bilateral cryptorchidism to establish the temporal relationship between the elevation of serum gonadotrophin levels and the changes in the steroidogenic secretory capacity and hCG binding in vitro. Morphometric analyses were also performed to assess the increase in Leydig cell size.
Materials and Methods

Animals
Mature Sprague-Dawley rats aged 2-3 months were made surgically cryptorchid by relocation of the testis into an abdominal position and closure of the inguinal canal. Animals were killed by decapitation 3, 7, 14 (Kerr et ai, 1979b) , which demonstrated poor response of the cryptorchid testis to hCG stimulation in vivo but hyper-responsivity to hCG in vitro, a dose-response test to hCG stimulation in vivo was performed. Normal rats and 21-day-cryptorchid rats were injected s.c. with 5, 50 or 200 i.u. hCG and killed by decapitation 60 min later. This time was chosen because earlier studies in normal rats and those with spermatogenic damage from other causes showed this to be the time to achieve the maximal initial response (Rich, Kerr & de Kretser, 1979) . Similar data are available for cryptorchid rats (unpublished). The sera were separated and stored at -20°C until assayed for testosterone.
Radioimmunoassay of serum LH, FSH and testosterone FSH and LH were measured by double-antibody radioimmunoassays using methods previously described (Lee, de Kretser, Hudson & Wang, 1975) . The FSH assay utilized an antiserum raised to purified human FSH and showed less than 0-5% cross-reactivity with rat LH and TSH. Purified rat FSH (NIAMDD-FSH-I3) was iodinated with lactoperoxidase and used as tracer and NIAMDD-FSH-RP1 as standard. The antiserum (NIAMDD-LH-S4) was used to measure rat LH and purified rat LH (NIAMDD-LH-I4) was used as both tracer and standard. The intra-assay variation ranged from 7 to 9% for both assays. All samples from the study were measured in the same assay.
Testosterone was measured by a specific radioimmunoassay similar to that described by Corker & Davidson (1978) . Incubation media were assayed directly for testosterone content because ether-extracted and unextracted samples gave similar results. The anti-serum to testosterone was raised in sheep against testosterone-3-carboxymethyloxime coupled to bovine serum albumin and showed a 98% cross-reactivity with 5a-dihydrotestosterone. The intra-assay coefficient of variation was 6-8% and the inter-assay coefficient of variation was 16%.
Histology
The testes of rats that had been cryptorchid for 3, 7, 14 or 21 days were fixed by perfusion of a mixture of glutaraldehyde (5% by vol.), formaldehyde (4% by vol.) and 2,4,6-trinitro-cresol (0-05% by vol.) buffered to pH 7-4 with 0-2 M-sodium cacodylate as previously described (Kerr & de Kretser, 1975 (Finney, 1964 By 3 days after the induction of cryptorchidism, the testes were able to respond to hCG in vitro by a rise in testosterone production. There was no difference in testosterone production by control and cryptorchid testes at 3 days, but testes from 7-, 14-and 21-day-cryptorchid animals showed a significantly (P < 0-01) enhanced response to hCG stimulation in vitro compared to control testis (Table 1) . The results in demonstrated that at all doses of hCG the capacity of the testis to produce testosterone in vitro was greater for the cryptorchid testes. Calculation of the dose required to stimulate a half-maximal increase was 23-5 i.u./ml for the cryptorchid testis and 4-5 i.u./ml for control groups.
The size of the Leydig cells was significantly (P < 0-05) enlarged within 3 days of the induction of cryptorchidism and the increase was maintained ( In-vivo dose-response oftestosterone to hCG stimulation Basal serum testosterone levels in controls and 21-day-cryptorchid rats did not differ (Table  4) . At a dose of 5 i.u. hCG serum testosterone levels were significantly greater in control animals than in cryptorchid rats, but the reverse was true with 200 i.u. hCG. There was no difference with 50 i.u. hCG. (Tsuruhara, Dufau, Cigorraga & Catt, 1977 (de Kretser et ai, 1979) in that the present data show hyper-responsiveness of the cryptorchid testis at low doses of hCG. It is possible that the use of hemi-testes in the previous study may be the result of these differences as Dufau, Catt & Tsuruhara (1971) (Damber, Bergh & Janson, 1978) and supported by the fact that at low doses the control rats demonstrated a greater response to hCG in vivo than did the cryptorchid rats. However, at high doses of hCG the cryptorchid rats showed a greater testosterone production than controls and it is possible that the large doses of hCG have compensated for the reduced blood flow to the cryptorchid testis and overcome the decreased sensitivity resulting from the loss of LH/hCG receptors, both of which contribute to the hyporesponsiveness of the cryptorchid testis at lower doses of hCG.
The enhanced in-vitro production of testosterone in response to hCG by cryptorchid testes is difficult to reconcile with a decreased activity of the cholesterol side-chain cleavage enzyme and 3 ß-hydroxysteroid dehydrogenase, and diminished androgen production as demonstrated by the conversion of precursor steroids (Inano & Tamaoki, 1968; Le Vier & Spaziani, 1968; Wisner & Gomes, 1978) . However, we have demonstrated a significant stimulation of pregnenolone, androstenedione and oestradiol production by cryptorchid testes during in-vitro stimulation (de Kretser et ai, 1979) . It is possible that the in-vitro studies using precursor conversion techniques do not accurately reflect the capacity for steroid production from endogenous unlabelled precursors. Furthermore, the hypertrophy of the Leydig cells and the increase in the organdíes involved in steroid biosynthesis (Kerr et ai, 1979b) support the observations in this study of increased steroidogenic capacity of these cells.
Other models of spermatogenic damage (i.e. rats treated by fetal irradiation, prolonged administration of hydroxyurea or chronic feeding of a vitamin A deficient diet) also result in elevated LH levels, hyporesponsiveness to hCG in vivo, Leydig cell hypertrophy and hyperresponsiveness to hCG in vitro and loss of LH receptors (Rich, Kerr & de . It is therefore unlikely that the changes in Leydig cell function are due solely to increased intra-abdominal temperature, and a control mechanism operating between the tubule and intertubular compartments of the testis could be involved. Aoki & Fawcett (1978) proposed a local control mechanism to explain the hypertrophie appearance of Leydig cells which surrounded localized areas of tubule damage induced by anti-fertility agents. They suggested that the damaged portions of the seminferous tubules might elaborate a product which results in the stimulation of Leydig cells, or that the Leydig cells might be released from the inhibitory effects of an agent secreted during normal testicular function. It is well established that cryptorchidsim causes a severe disruption of spermatogenesis (Nelson, 1951) and also alters the structure and function of the Sertoli cells as demonstrated by decreased androgen-binding protein production (Kerr et ai, 1979a) . Either component could be involved in the postulated control mechanism. Our present results show that the hypertrophy and hyperresponsiveness of the Leydig cells precede the rise in serum LH, and it is therefore likely that other factors such as local mechanisms may be involved.
